SUMMARY A strong and highly significant correlation was observed between serum aspartate transaminase (AST) activity and an index of the cytotoxic activity associated with serum proteins modified by acetaldehyde in a group of 24 heavy drinkers. A weaker but significant correlation (R = 0-564, p = 0-008) was found between total serum creatine kinase activity and this index of serum cytotoxicity.
SUMMARY A strong and highly significant correlation was observed between serum aspartate transaminase (AST) activity and an index of the cytotoxic activity associated with serum proteins modified by acetaldehyde in a group of 24 heavy drinkers. A weaker but significant correlation (R = 0-564, p = 0-008) was found between total serum creatine kinase activity and this index of serum cytotoxicity.
As it is likely that the concentration of circulating modified protein was largely determined by the quantity offree acetaldehyde generated in the liver and that the AST activity was mainly derived from damaged hepatocytes, the data indicate a correlation between hepatic acetaldehyde generation and hepatocyte damage. This correlation may indicate either that increased quantities ofacetaldehyde are released by damaged hepatocytes or that acetaldehyde is hepatotoxic in vivo. As only the creatine kinase isoenzyme present in skeletal muscle (CK-MM) was demonstrable in the serum in all but one of our patients, the data also suggest that circulating modified serum proteins may be toxic towards skeletal muscle cells.
The mechanisms underlying tissue damage induced by alcohol are still uncertain. It is generally accepted that the susceptibility of the liver to damage induced by ethanol is related to the fact that over 90% of ethanol metabolism takes place in this organ.' More recently it has been suggested that damage to certain extrahepatic tissues may be a consequence of the ability of tissue macrophages to metabolise ethanol at substantial rates.25 The eventual mediators ofhepatic and extrahepatic tissue damage which have been proposed include acetaldehyde,6 7free radicals, '0 antibodies against neoantigens induced by alcoholism," and serum proteins modified by acetaldehyde.5 The last of these propositions is based on the finding that the consumption ofethanol is followed by the appearance of circulating acetaldehyde protein complexes which are cytotoxic towards various cell types in vitro.213 In this study we investigated the importance of circulating cytotoxic proteins in the pathogenesis of tissue damage resulting from alcohol abuse in a group of heavy drinkers by correlating two indices of the Accepted for publication 6 October 1988 cytotoxic activity of serum proteins with various biochemical markers of hepatic and extrahepatic tissue damage.
Material and methods
Twenty two male and two female patients were studied on the morning of admission to the Regional Alcoholism and Drug Dependency Unit, St Bernards Hospital, Ealing. All had consumed excessive quantities of ethanol and had continued to drink heavily until admission to the Unit. Table 1 gives demographic details. Clinical history and blood samples were obtained before administration of drugs (chlormethiazole, phenytoin) for suppression of the withdrawal reaction.
Blood specimens were collected using the vacutainer system. An aliquot was mixed with ethylenediamine tetra-acetate and used to determine a full blood count. Clotted samples were centrifuged within 12 hours of phlebotomy. The serum was transferred under aseptic conditions into 10 ml sterile containers and frozen at 295 An aliquot ofeach serum sample was dialysed against 500 ml of RPMI 1640 (Gibco Europe Ltd, Paisley, Scotland) containing 100 U penicillin/ml and 100 pg streptomycin/ml at 4°C for 24 hours. The cytotoxicity of both the undialysed and dialysed serum was tested against A9 cells as described below.
In other experiments aliquots ofeach serum sample were incubated at 37°C for one hour with 1*6% (v/v) of a solution containing 400 mmol/l NaOH or 400 mmol/l NaOH plus 10 mmol/l sodium borohydride (NaBH4); the pH of both reaction mixtures was 9-5. After the incubation the mixtures were cooled on ice and dialysed against two 1000 ml volumes of RPM1 1640 at 4°C over 24 hours. The dialysed solutions were tested for cytotoxic activity.
The cytotoxicity of the untreated and treated serum samples was assessed on the basis of their capacity to cause detachment of adherent mouse A9 cells, as described previously.3 The A9 cells were suspended to a concentration of 15 x 105/ml in Eagle's Minimum Essential Medium with Earle's salts and L-glutamine (Gibco Europe Ltd), 100 pg streptomycin/ml, 100 U penicillin/ml, and 10% (v/v) fetal calf serum. Aliquots (2 ml) of this cell suspension were placed within each of the wells of a 24-well tissue culture plate (Sterilin Ltd, Teddington, Middlesex) and the plates incubated at 37°C (5% carbon dioxide, 100% humidity) for six hours to permit the A9 cells to adhere. Non-adherent cells were removed and the adherent cells washed once with Hanks's solution at 37°C. Equal volumes (0.5 ml) of each serum sample to be tested and of RPM1 1640 (with penicillin and streptomycin) were placed within a well containing adherent cells and the culture plates incubated for 16 hours at 37°C (5% carbon dioxide, 100% humidity). The wells were then emptied and the residual adherent cells washed once with Hanks's solution at 37°C. The adherent cells were detached by treatment with 1 ml 0-1% (w/v) lyophilised trypsin (Gibco Europe Ltd) in calcium and magnesium-free phosphate buffered saline. When all the cells were detached, the trypsin was neutralised by the addition of 200 pl newborn calf serum to each well. The cells present in 1 ml of the cell suspension were counted after dilution with 9 ml Isoton (Coulter Electronics Ltd), using a Coulter Counter, Model ZF (Coulter Electronics Ltd) and the total number of residual adherent cells in each well calculated.
The extent of cytotoxicity of a serum sample was considered to be inversely proportional to the number Isoenzyme studies showed only CK-MM activity (the skeletal muscle isoenzyme form) in all cases except one, in which 95% ofthe total CK activity consisted of CK-MM and 5% of CK-MB (CK-MB > 5% of total CK suggests cardiac damage). All the patients with increased amylase activity showed an increase in isoamylase-S but not in isoamylase-P, indicating that the salivary gland rather than pancreas was the source of this increase.
Correlations 0814; fig 2) , the variability in PIRAC accounting for 64% of the variability in AST. Table 2 also gives details of the few significant correlations observed between the various biochemical variables estimated.
Discussion
In heavy drinkers there is a remarkably strong and highly significant correlation between PIRAC and AST. There are less strong but significant correlations between NRAC with undialysed or dialysed serum and AST. As both NRAC and, particularly, PIRAC reflect the cytotoxic activity of serum proteins modified by acetaldehyde, these correlations point to a direct or indirect relation between the concentration of such proteins and damage to one or more cell types containing AST. Cells which release AST when injured are hepatocytes, cardiac and skeletal muscle cells, and erythrocytes. As only one of the cases studied had raised CK-MB activities and only two cases showed increased CK-MM activities, it seems unlikely that damaged cardiac or skeletal muscle cells were the major source of the increased AST activities in the sera of our patients. It is also unlikely that damage to circulating red cells was an important source of serum AST as no patient showed haematological or biochemical evidence suggestive of a substantial degree of haemolysis. For these reasons, and because there was a highly significant correlation between AST and GGT, we conclude that the high serum AST activities observed in our patients were largely derived from hepatocytes and that our data show some association between the concentrations of circulating cytotoxic protein and hepatocellular injury. As there is probably a close relation between the quantity of free acetaldehyde released into the hepatic sinusoids and the concentrations ofcirculating cytotoxic protein, our data point to a strong correlation between AST and hepatic acetaldehyde generation. This correlation may merely result from the fact that both AST and acetaldehyde are released at an increased rate from damaged hepatocytes. Alternatively, the observed correlations may represent evidence of the hepatotoxicity of acetaldehyde generated in the liver. Up to now the hypothesis that acetaldehyde is hepatotoxic has been based largely on evidence from in vitro studies."'"22
Previous workers have found increased amounts of conjugated dienes in the plasma and liver in chronic alcoholics and have suggested that free radical activity may have a role in the pathogenesis of liver damage induced by alcohol.'023 The increased free radical activity in the livers of heavy drinkers, however, does not correlate either with serum AST activity or the concentration of glutathione-S transferase, a sensitive marker of liver damage (RS Fink et al, unpublished observations). The present finding that concentrations of serum proteins made cytotoxic by acetaldehyde correlate with serum AST is, therefore, especially interesting.
Despite the fact that only three of the 23 cases had raised total CK activities, there was a relatively weak but significant correlation between PIRAC and total CK (largely CK-MM). This raises the possibility that modified serum proteins have a toxic effect on skeletal muscle cells in vivo. Thus our data suggest that both acetaldehyde and serum proteins modified by acetaldehyde have a role in causing tissue damage in alcoholics. This work was supported in part by a grant from the Wellcome Trust. We are grateful to Mr G Barden for invaluable technical assistance, Dr J Spencer-Peet for carrying out the general biochemical tests, and Dr AY Foo for assistance with the isoenzyme studies. 
